Effect of dietary carbohydrate-to-lipid ratios on growth and feed utilization in Chinese longsnout catfish (Leiocassis longirostris Gunther) by Tan, Q. et al.
Eﬀect of dietary carbohydrate-to-lipid ratios on growth and feed utilization
in Chinese longsnout catﬁsh (Leiocassis longirostris Gu¨nther)
By Q. Tan1,2, S. Xie1,3, X. Zhu1, W. Lei1 and Y. Yang1
1State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, The Chinese Academy of Sciences,
Wuhan, Hubei; 2Graduate School of the Chinese Academy of Sciences; 3Aquaculture Divisions, E-Institute of Shanghai Universities,
Shanghai, China
Summary
An 8-week growth trial was carried out in a semi-recirculation
system at 26 ± 0.5C to investigate the optimal dietary
carbohydrate-to-lipid (CHO:L) ratio for carnivorous Chinese
longsnout catﬁsh (Leiocassis longirostris Gu¨nther). Triplicate
tanks of ﬁsh were assigned to each of ﬁve isocaloric and
isonitrogenous diets with diﬀerent carbohydrate-to-lipid ratios
(0.75, 1.48, 1.98, 2.99 and 5.07). The results showed that a
higher speciﬁc growth rate (SGR) and feed rate (FR) were
observed in the ﬁsh fed diet ratios of 1.98 CHO:L (P < 0.05).
Overloading dietary carbohydrate (5.07 CHO:L ratio) caused
skeletal malformations. Apparent digestibility of dry matter
(ADCd) signiﬁcantly increased with dietary CHO:L ratio
(P < 0.05), while signiﬁcantly higher apparent digestibility
of protein (ADCp) and apparent digestibility of energy (ACDe)
was observed only in the 1.98 CHO:L group (P < 0.05).
Whole body contents of dry matter, lipid and energy
signiﬁcantly increased as the CHO:L ratio decreased
(P < 0.05). The hepatosomatic index (HSI) was highest at
1.98 CHO:L ratio (P < 0.05). Highest dietary CHO:L ratio
resulted in lower liver glycogen, liver lipid, plasma glucose and
plasma triacylglycerol (P < 0.05), whereas there was no
signiﬁcant diﬀerence in plasma total cholesterol (P > 0.05).
High dietary CHO:L ratio caused pathological changes in ﬁsh
morphology and liver histology. Based on maximum growth,
the optimal carbohydrate-to-lipid ratio was 1.98 for Chinese
longsnout catﬁsh.
Introduction
Protein, essential for tissue growth and maintenance, is an
expensive component of formulated diets. An insuﬃcient
energy supply from non-protein sources generally causes
protein catabolism to meet the energy requirement at the cost
of nutrient supply for somatic growth. It is important to
include appropriate levels of non-protein energy sources in ﬁsh
diets to improve the eﬃciency of protein utilization known as
protein sparing (Steﬀens, 1981; Wilson and Halver, 1986;
Dias et al., 1998a; Grisdale-Helland and Helland, 1998;
Helland and Grisdale-Helland, 1998). Carbohydrates and
lipids are two major non-protein energy sources in ﬁsh diets.
Although lipid is generally recognized as the major non-
protein energy-yielding molecule for ﬁsh, high levels of dietary
lipid may bring problems to pellet quality (Jauncey, 1982), as
well as adversely aﬀect ﬁsh body composition (Hanley, 1991).
Compared to dietary lipid, carbohydrates are relatively inex-
pensive and a readily available source of energy for many ﬁsh
species (Millikin, 1983; Erfanullah and Jafri, 1998; Nankervis
et al., 2000). Incorporation of carbohydrates may add bene-
ﬁcial eﬀects to the pellet quality and also to ﬁsh growth
performance (NRC, 1993; Wilson, 1994).
But the imbalance with respect to non-protein energy
sources and their inclusion levels may have direct eﬀects on
growth, feed conversion, nutrient retention and body compo-
sition (Erfanullah and Jafri, 1998). It is thus necessary to
determine the optimum dietary carbohydrate-to-lipid
(CHO:L) ratio to obtain better growth, feed conversion and
nutrient retention. Some research has been reported in chinook
salmon (Buhler and Halver, 1961), tilapia (El-Sayed and
Garling, 1988), hybrid striped bass (Nematipour et al., 1992),
walking catﬁsh (Erfanullah and Jafri, 1998a) and African
catﬁsh (Clarias gariepinus) (Ali and Jauncey, 2004). However,
these results show variations among the species.
Chinese longsnout catﬁsh (Leiocassis longirostrisGu¨nther) is
a carnivorous species popularly cultured in China (Xie et al.,
1998). Some studies on protein, lipid and carbohydrate
requirements of this species have been conducted (Qian,
2001; Pei et al., 2004, 2005). The present study was designed
to investigate the eﬀect of diﬀerent dietary carbohydrate-to-
lipid ratios (CHO:L ratios) on growth and feed utilization for
Chinese longsnout catﬁsh.
Materials and methods
Rearing system
The growth trial was conducted in 15 ﬁberglass tanks
(0.60 · 0.45 · 0.50 m; water volume: 100 L tank)1) in an
indoor semi-recirculation system (total water volume: ca.
4.2 m3). About 15% of the water was changed daily to
maintain water quality. Each tank was provided with con-
tinuous aeration. Water temperature was measured daily and
ammonia, pH and dissolved oxygen were monitored once a
week. Ammonia was measured using the method described by
Verdouw et al. (1978). Dissolved oxygen was measured as
described by Zhang et al. (2002). During the experiment, water
ﬂowed into each tank at 1.5 L min)1.; water temperature was
26 ± 0.5C. Ammonia-N was less than 0.5 mg L)1
(0.35 ± 0.05; n ¼ 24), Dissolved oxygen was above
5 mg L)1 (5.3 ± 0.2; n ¼ 24). Water pH was around 6.9
and monitored by pH meter (PP-15-P11; Sartorius).
A luminous tube (10 W) was placed 25 cm above the water
surface of each tank for a light period from 08:00 to
20:00 hours using a 12-L/12-Day photoperiod.
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Experimental diets
Formulation and chemical composition of experimental diets
are shown in Table 1. Five isonitrogenous and isocaloric semi-
puriﬁed diets were formulated to contain diﬀerent carbo-
hydrate-to-lipid ratios with varying contents of cornstarch
(Changchun Dacheng Industry Co., Ltd), a-starch (Wuxi
Thaiﬂower Starch Co., Ltd) and ﬁsh oil. Dietary CHO:L ratio
ranged from 0.75 to 5.07. Fishmeal (American seafood,
provided by Coland Feed Industry Co., Ltd, Wuhan, China)
and casein (Gansu Hualing Milk Products Groups, Gannan,
China) were used as protein sources, and ﬁsh oil (Coland Feed
Industry Co., Ltd) was used as a lipid source to obtain 45.0%
crude protein and 18.5 kJ g)1 gross energy (Qian, 2001). As
the carbohydrate-to lipid-ratios increased, decreasing contents
of zeolite (Shenguang Bentonite Co., Ltd, Xinyang, Henan)
were included as the ﬁller. Chromic oxide (1%) was added as
the marker for digestibility measurement. All ingredients were
thoroughly mixed and made into pellets (2 mm diameter) with
a laboratory pellet presser. All diets were oven-dried at 60C
and stored at 4C.
Experimental ﬁsh
Chinese longsnout catﬁsh were obtained from the Chinese
Longsnout Catﬁsh Hatchery Farm, Hubei, China. Prior to the
growth trial, ﬁsh were acclimated in a 1500-L ﬁberglass tank
for 4 weeks. During acclimatization, water temperature ranged
from 24 to 28C and ﬁsh were fed to satiation twice daily
(09:00 and 15:00 hours) with a practical diet (Coland Feed
Industry Co., Ltd) in the ﬁrst 3 weeks and an equal mixture of
the experimental diets in the ﬁnal week.
Feeding trial
At the beginning of the experiment, ﬁsh (ca. 12.5 g; n ¼ 750)
were pooled and randomly distributed into 15 tanks, each with
16 ﬁsh. Fish in each tank were bulk-weighed after one day of
food deprivation. Three tanks were randomly assigned to each
diet. During the trial, ﬁsh were hand-fed to apparent satiation
twice daily (09:00 and 15:00 hours). Uneaten feed was collec-
ted 1 h after feeding and dried at 60C. From the second week
and 2 h after feeding, the intact faeces were collected twice
daily by siphoning and dried at 70C for digestibility deter-
mination. Faeces from each tank were combined as one
sample. The growth trial lasted for 8 weeks.
Sample collection
At the beginning of the growth trial, 50 ﬁsh were randomly
sampled for whole body composition analysis.
At the end of the experiment, four ﬁsh were randomly
selected and blood samples collected from the caudal vein by
heparinized syringe. Fish blood from each tank was pooled
and centrifuged at 3500 · g for 5 min, plasma-separated and
stored at )80C. Before freezing, the plasma was divided into
separate aliquots for glucose, triacylglycerol and total choles-
terol analyses. After blood collection, livers were quickly
collected, weighed and divided into two parts for liver glycogen
and lipid assay. Liver samples were stored at )20C until
assay. Another four ﬁsh from each tank were killed by a blow
to the head, pooled together, homogenized and dried at 60C.
The samples were stored at )20C until proximate analysis.
At the end the experiment, livers of another three ﬁsh were
sampled for histological examination. The livers were ﬁxed in
10% buﬀered formalin, dehydrated in a graded ethanol series
and embedded in paraﬃn for further study.
Plasma glucose, triacylglycerol and total cholesterol
Commercial kits were used to determine the plasma concen-
trations of glucose, triacylglycerol and total cholesterol (Roche
Diagnostica).
Liver glycogen and lipid
Liver lipid content was assayed by extracting lipid with
chloroform–methanol (Folch et al., 1957). Glycogen was
determined by the method described by Hassid and Abraham
(1957). Hydrolyzed glucose was assayed using commercial
glucose reagent [Fenghui (SH) Medical Science & Tech. Co.,
Ltd, B0212].
Proximate analysis
The contents of dry matter, crude protein, crude lipid, ash and
gross energy were determined for the experimental diets and
the ﬁsh body. Crude protein and gross energy contents were
determined for faeces. Chemical analyses were conducted
using the AOAC (1984) procedures: dry matter by drying in an
oven at 105C to constant weight; crude protein (N · 6.25) by
the Kjeldahl method after an acid digestion method; crude
lipid by ether extraction in a Soxtec System HT (Soxtec system
HT6, Tecator, Haganas, Sweden); and ash by incineration in a
muﬄe furnace at 550C for 12 h. Gross energy was determined
by combustion in a micro-bomb calorimeter (Phillipson micro-
bomb calorimeter, Gentry Instruments Inc., Aiken, SC).
Table 1
Formulation and chemical composition of diets for Chinese longsnout
catﬁsh (%)
Carbohydrate-to-lipid
diet ratios1 0.75 1.48 1.98 2.99 5.07
Ingredients (%)
Fishmeal 19.00 19.00 19.00 19.00 19.00
Fish oil 15.00 12.50 10.00 7.50 5.00
Casein 37.00 37.00 37.00 37.00 37.00
a-starch 6.00 6.00 6.00 6.00 6.00
Cornstarch 0.00 5.40 10.80 16.20 21.33
Zeolite meal 11.33 8.43 5.53 2.63 0.00
Carboxymethylcellulose 5.00 5.00 5.00 5.00 5.00
Mineral premix2 5.00 5.00 5.00 5.00 5.00
Vitamin premix3 0.56 0.56 0.56 0.56 0.56
Choline chloride 0.11 0.11 0.11 0.11 0.11
Chromic oxide 1.00 1.00 1.00 1.00 1.00
Chemical composition (% in dry matter)
Dry matter 95.51 97.63 94.65 93.31 95.86
Crude protein 44.99 44.89 44.02 45.41 45.72
Crude lipid 16.46 14.16 11.81 8.85 6.58
Carbohydrate4 12.37 20.98 23.41 26.42 33.34
Ash 21.69 17.61 15.42 12.63 10.22
Gross energy (MJ kg)1) 18.83 18.41 18.26 18.51 18.66
1On weight basis.
2Mineral premix (mg kg)1 diet): NaCl, 0.80; MgSO4Æ7H2O, 12;
NaH2PO4Æ2H2O, 20; KH2PO4, 25.6; Ca(H2PO4)2ÆH2O, 16; FeSO4Æ5-
H2O, 2; (CH2CHCOO)2CaÆ5H2O, 2.8; ZnSO4Æ7H2O, 0.028; MnSO4Æ4-
H2O, 0.013; CuSO4Æ5H2O, 0.0025; CoCl2Æ6H2O, 0.0008; KIO3, 0.0024;
cellulose, 0.36.
3Vitamin premix (mg kg)1 diet): vitamin A, 1.83; vitamin D, 0.5;
vitamin E, 10; vitamin K, 10; niacin, 100; riboﬂavin, 20; pyridoxine, 20;
thiamin, 20; D-calcium pantothenate, 50; biotin, 1.0; folic acid, 5;
vitamin B12, 2; ascorbic acid, 100; inositol, 100.
4Carbohydrate ¼ 1 ) (%crude protein + %total lipid + %ash).
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Content of Cr2O3 in the diets and faeces was determined as
described by Bolin et al. (1952).
Histological study
Liver protocols were sectioned to 5 lm transverse sections
with a rotary microtome. Sections were stained with haema-
toxylin and eosin (H&E) and observed under light microscopy.
Statistical analysis
The data were subjected to one-way analysis of variance
(ANOVA) to test the signiﬁcance of the eﬀect of the experiment
diets. When signiﬁcant diﬀerences occurred (P < 0.05), the
means were compared by Duncan’s multiple range test.
Results
Growth and feed utilization
Table 2 shows that SGR (speciﬁc growth rate), FR (feeding
rate), FE (feed eﬃciency), PRE (protein retention eﬃciency)
and ERE (energy retention eﬃciency) were signiﬁcantly
aﬀected by dietary CHO:L ratios (P < 0.05). Highest SGR,
FR, FE, PRE and ERE were obtained in ﬁsh fed the diet of
1.98 CHO:L (P < 0.05). Fish fed the diets with higher and
lower than 1.98 CHO:L ratios resulted in lower SGR, FR, FE,
PRE and ERE (P < 0.05).
Anorexia, dark pigmentation, scoliosis and an abnormal head
were observed only in catﬁsh fed the diet of 5.07 CHO:L ratio in
the ﬁfth week; at the end of the experiment the percentage of
these abnormal ﬁsh was 33.9 ± 1.5 in this treatment.
Apparent digestibility coeﬃcient
As shown in Table 3, ADCd (apparent digestibility coeﬃcient
of dry matter) decreased signiﬁcantly with the decreased
dietary CHO:L ratio (P < 0.05), while ADCp (apparent
digestibility coeﬃcient of protein) showed no signiﬁcant
diﬀerence (P > 0.05). ACDe (apparent digestibility coeﬃcient
of energy) in the 1.98 CHO:L ratio group was signiﬁcantly
higher than in other groups (P < 0.05).
Liver glycogen, lipid content and blood chemistry
Table 4 shows that the ﬁsh fed a 1.98 CHO:L ratio diet showed
signiﬁcantly higher HSI (hepatosomatic index), liver glycogen
content, higher plasma glucose and higher plasma triacylglyc-
erol, but a lower liver lipid content (P < 0.05). There was no
signiﬁcant diﬀerence in total plasma cholesterol between
groups with diﬀerent CHO:L ratios (P < 0.05).
Body composition
Table 5 shows that ﬁsh body dry matter, lipid and energy
contents signiﬁcantly increased with decreased CHO:L ratio
(P < 0.05), while body protein and ash content was not
signiﬁcantly aﬀected by the dietary CHO:L ratio (P > 0.05).
Histology
Liver from ﬁsh fed the 0.75 CHO:L ratio diet showed regular-
shaped hepatocytes with large centrally located nuclei and
some lipidic vacuoles in the cytoplasm which did not aﬀect the
hepatocyte size (Fig. 1a). This morphology in ﬁsh fed the 1.98
CHO:L ratio diet was similar to ﬁsh fed the 0.75 CHO:L diet.
Larger hepatocytes were observed and the nuclei had migrated
to the cell periphery (Fig. 1b). Parenchymal necrosis, irregular-
shaped hepatocytes and a heavy condensation of the hepato-
cyte cytoplasm with a loss of intracytoplasmic vacuoles were
observed in ﬁsh fed the 5.07 CHO:L ratio diet (Fig. 1c).
Discussion
The present study showed that growth and feed conversion in
Chinese longsnout catﬁsh were signiﬁcantly aﬀected by dietary
Table 2
Eﬀect of dietary carbohydrate-to-lipid ratios on growth performance of Chinese longsnout catﬁsh
Carbohydrate- to-lipid
diet ratios IBW1 (g) FR2 (%BW d)1) SGR3 (%) FE4 (%) PRE5 (%) ERE6 (%)
5.07 12.5 ± 0.0 1.0 ± 0.1A 1.4 ± 0.0A 98.0 ± 16.6A 27.6 ± 2.8A 16.66 ± 2.28A
2.99 12.5 ± 0.0 1.1 ± 0.0A 1.5 ± 0.1A 123.4 ± 2.7AB 35.2 ± 1.3BC 27.92 ± 1.87B
1.98 12.5 ± 0.0 1.4 ± 0.0B 2.3 ± 0.1C 136.1 ± 4.2B 41.3 ± 0.9C 36.47 ± 1.70C
1.48 12.5 ± 0.0 1.3 ± 0.0B 1.5 ± 0.1A 110.7 ± 5.5AB 34.6 ± 0.4B 23.93 ± 0.48B
0.75 12.6 ± 0.0 1.3 ± 0.0B 1.9 ± 0.1B 124.6 ± 5.2AB 37.6 ± 2.7BC 33.81 ± 2.16C
Results ¼ mean ± SE of triplicate groups. Means in same column not sharing same superscripts are signiﬁcantly diﬀerent (P < 0.05).
1IBW: Initial body weight.
2FR: Feeding rate (% body weight d)1) ¼ (100 · total feed intake)/[days · (initial body weight + ﬁnal body weight)/2].
3SGR: Speciﬁc growth rate (%) ¼ 100 · [ln (ﬁnal body weight) ) ln (initial body weight)]/days.
4FE: Feed eﬃciency (%) ¼ (100 · fresh body weight gain)/dry feed intake.
5PRE: Protein retention eﬃciency (%) ¼ (100 · protein retained in ﬁsh body)/protein intake.
6ERE: Energy retention eﬃciency (%) ¼ (100 · energy retained in ﬁsh body)/energy intake.
Table 3
Eﬀect of dietary carbohydrate-to-lipid ratios on apparent digestibility
coeﬃcients (ADC) for Chinese longsnout catﬁsh
Carbohydrate-
to-lipid
diet ratios ADCd1 (%) ADCp2 (%) ADCe3 (%)
5.07 84.22 ± 0.48D 94.36 ± 0.50AB 92.76 ± 0.12A
2.99 81.98 ± 0.28C 94.17 ± 0.09A 93.25 ± 0.61A
1.98 82.35 ± 0.50CD 95.27 ± 0.27B 94.40 ± 0.29B
1.48 78.15 ± 0.51B 94.99 ± 0.23AB 93.14 ± 0.31A
0.75 72.50 ± 1.12A 94.43 ± 0.32AB 92.22 ± 0.25A
Results ¼ mean ± SE of triplicate groups. Means in same column
not sharing same superscripts are signiﬁcantly diﬀerent (P < 0.05).
1ADCd: ADC of dry matter (%) ¼ 100 · [1 ) (Cr2O3 in the diet/
Cr2O3 in the faeces)].
2ADCp: ADC of protein (%) ¼ 100 · [1 ) (Cr2O3 in the diet/Cr2O3
in the faeces) · (crude protein in the faeces/crude protein in the diet)].
3ADCe: ADC of energy (%) ¼ 100 · [1 ) (Cr2O3 in the diet/Cr2O3 in
the faeces) · (energy in the faeces/energy in the diet)]
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CHO:L ratios and that the optimal dietary CHO:L ratio for
better growth and feed utilization was at a medium ratio
(1.98). These suggest that incorporation of appropriate
carbohydrate can improve growth and feed utilization of the
Chinese longsnout catﬁsh. Similar results have been reported
in other carnivorous species, such as plaice (Cowey et al.,
1975) and yellowtail (Shimeno et al., 1985). However, other
research has shown that growth was not aﬀected by dietary
non-protein energy source ratios in other carnivorous ﬁsh
species (Nematipour et al., 1992; Brauge et al., 1993; Nanker-
vis et al., 2000; Dias et al., 2004). In chinook salmon, growth
and protein utilization decreased when dietary fat was substi-
tuted iso-calorically by carbohydrate (Buhler and Halver,
1961). Our previous study at diﬀerent dietary carbohydrate
levels showed when dietary crude lipid was 16.46% and dietary
crude protein was 42.17% that the dietary CHO:L ratio was
1.76, when Chinese longsnout catﬁsh achieved best growth (Pei
et al., 2005). Another experiment at diﬀerent lipid levels
showed that Chinese longsnout catﬁsh achieved best growth
at the 1.63 CHO:L ratio when dietary crude lipid was 14.64%
and crude protein was 47.04% (Pei et al., 2004); this is close to
the results of the present study.
In the present study, reduced growth of the ﬁsh at higher
CHO:L ratio could be due to reduced feed intake and lower
PRE and ERE, similar to the results in African catﬁsh (Ali and
Jauncey, 2004).
ADCp and ADCe values in all treatments were similar to the
optimal diets (ADCp was about 95% and ADCe was 93.4%) in
Pei et al. (2004). This suggests that varying carbohydrate-
to-lipid ratios at an identical energy level do not aﬀect ADCp
and ADCe, whereas an increased CHO:L ratio could cause
increased nutrient digestibility and a suitable dietary carbo-
hydrate could help to obtain better growth and feed utiliza-
tion. Signiﬁcantly decreasing ADCd values with dietary CHO:L
ratio might have resulted from the diluted digestible dietary
dry matter and not from the dietary carbohydrate-to-lipid
ratio treatment, because the content of indigestible dietary
zeolite meal decreased as the dietary CHO:L ratio increased.
Dietary lipid content is regarded as the most important
factor inﬂuencing carcass lipid in ﬁsh (Refstie and Austreng,
1981; Sargent et al., 1989). A signiﬁcant increase in body dry
matter and lipid content with increasing dietary lipid in
Chinese longsnout catﬁsh in the present study suggests that
excessive dietary energy is stored as body lipid. Similar results
have also been reported in hybrid stripped bass (Nematipour
et al., 1992), walking catﬁsh (Erfanullah and Jafri, 1998) and
barramundi (Nankervis et al., 2000).
Increasing plasma triacylglycerol with dietary lipid level in
the present study suggested that lipid deposition in Chinese
longsnout catﬁsh mainly comes from dietary lipid, not from
lipogenesis. It has been reported that ﬁsh fed with a high lipid
diet tended to produce a higher liver lipid content and that a
high carbohydrate diet tended to yield a comparatively high
HSI in hybrid striped bass (Nematipour et al., 1992), channel
catﬁsh (Garling and Wilson, 1977) and African catﬁsh (Ali and
Jauncey, 2004). In the present study, the plasma glucose and
liver glycogen level decreased as dietary CHO:L ratio increased
from 1.98 to 5.07. The larger hepatocytes in ﬁsh fed a diet
containing 1.98 CHO:L ratio also supported the higher
glycogen deposition (Pereira et al., 2002). It suggests a more
active gluconeogenesis in ﬁsh fed a lower CHO:L ratio diet.
The eﬀect of carbohydrate or lipid on spinal malformation
has not been reported in ﬁsh juveniles. Pathological changes in
liver histology supported the poor growth and abnormal body
formation in ﬁsh fed the 5.07 CHO:L diet. The pathological
changes would be a result of over-incorporation of dietary
carbohydrate, as liver morphological changes resulted from
lipid in ﬁsh fed high dietary lipid are generally reported to be
irregular nuclei displaced to the periphery of hepatocytes and
large lipid droplets in the cytoplasm (Mosconi-Bac, 1987;
Caballero et al., 1999). On the other hand, it was proved that
the phospholipid concentration aﬀected the spinal malforma-
Table 4
Eﬀect of dietary carbohydrate-to-lipid ratios on HSI, liver glycogen, liver lipid and blood chemistry of Chinese longsnout catﬁsh
Carbohydrate-to-
lipid diet ratios HSI1
Liver
glycogen2 (%) Liver lipid3 (%)
Plasma glucose
(mmol L)1)
Plasma total
cholesterol (mmol L)1)
Plasma triacylglycerol
(mmol L)1)
5.07 1.32 ± 0.02A 0.62 ± 0.04A 9.37 ± 0.58A 1.45 ± 0.30A 2.85 ± 0.09 1.11 ± 0.13A
2.99 1.49 ± 0.06A 3.10 ± 0.16C 12.60 ± 1.09B 3.24 ± 0.74BC 2.54 ± 0.15 1.69 ± 0.13AB
1.98 1.61 ± 0.09B 3.71 ± 0.13D 9.69 ± 0.47A 3.58 ± 0.55C 2.90 ± 0.24 3.09 ± 0.64BC
1.48 1.51 ± 0.28A 1.06 ± 0.08B 12.68 ± 0.84B 1.82 ± 0.56AB 2.65 ± 0.17 1.63 ± 0.29AB
0.75 1.45 ± 0.05A 2.90 ± 0.20C 12.09 ± 0.34B 3.63 ± 0.31C 2.91 ± 0.32 3.45 ± 0.79C
Results ¼ mean ± SE of triplicate groups. Means in same column not sharing same superscripts are signiﬁcantly diﬀerent (P < 0.05).
1Hepatosomatic index ¼ (liver wet weight · 100)/body weight; N ¼ 9.
2Expressed as glycogen in liver wet weight.
3Expressed as lipid in liver wet weight.
Table 5
Eﬀect of dietary carbohydrate-to-
lipid ratios on body composition of
Chinese longsnout catﬁsh
Carbohydrate-
to-lipid
diet ratios
Dry matter
(%)
Crude protein
(%)
Crude lipid
(%) Ash (%)
Gross energy
(kJ g)1)
Initial 26.37 ± 1.12D 13.17 ± 0.22 8.24 ± 1.26C 3.06 ± 0.17 5.95 ± 0.40C
5.07 20.98 ± 0.20A 13.01 ± 0.41 3.24 ± 0.27A 3.04 ± 0.14 4.33 ± 0.13A
2.99 22.84 ± 0.52AB 13.08 ± 0.11 5.24 ± 0.66AB 3.01 ± 0.05 5.01 ± 0.20B
1.98 23.71 ± 0.18BC 13.33 ± 0.08 5.64 ± 0.41B 3.18 ± 0.16 5.20 ± 0.05B
1.48 23.14 ± 0.82BC 13.69 ± 0.35 5.11 ± 0.67AB 3.18 ± 0.04 4.84 ± 0.18AB
0.75 25.04 ± 0.32CD 13.45 ± 0.38 7.19 ± 0.29BC 3.15 ± 0.07 5.41 ± 0.15BC
Results ¼ mean ± SE of triplicate groups. Means in same column not sharing same superscripts are
signiﬁcantly diﬀerent (P < 0.05).
608 Q. Tan et al.
tion rate from the mouth opening onward in sea bass larvae
fed a compound diet. Phosphatidylinositol, in particular,
seems to prevent skeletal deformities (Cahu et al., 2003). The
abnormal body formation would be a conjunctive eﬀect of an
excessive carbohydrate level and insuﬃcient phospholipids in
the diet. The exact mechanism requires extended study.
The content of zeolite meal ranged from 0.00% to 11.33%.
It has been reported that incorporation of bulk agents at 10%
or 20% do not aﬀect protein retention levels (Dias et al.,
1998b). Traditionally, cellulose was used as an inert ﬁller in
ﬁsh nutrition. Higher levels of indigestible ﬁbers (except
zeolite) lead not only to a substantial increase in faecal
egestion, but also to a decrease of feed transit time (Dias et al.,
1998b). Zeolite as a non-nutritive ﬁller has been used in animal
nutrition (Edsall and Smith, 1989). Edsall and Smith (1989)
reported that clinoptiolite (a natural zeolite) at a 5% and 10%
level did not aﬀect the growth of coho salmon. Lanari et al.
(1996) tested the use of Cuban zeolites in rainbow trout diets
and found that protein and dry matter digestibility was not
inﬂuenced by zeolite incorporation at the 2.5% and 5% level.
Dias et al. (1998b) also found that the dietary use of silica,
cellulose or zeolite as bulk agents at the 10% and 20% level
had no adverse eﬀect on seabass growth, protein digestibility
or protein retention values. In the present study decreased
dietary CHO:L ratio came with the increased inclusion of
zeolite and resulted in decreased digestibility of dry matter. It
could be the result of decreased CHO:L and/or the increased
dietary zeolite and/or the combination of these two factors;
this still requires extended research.
In conclusion, the growth and nutrient retention in the
present study suggest that optimal incorporation of dietary
carbohydrate can be well utilized as a dietary energy source by
juvenile Chinese longsnout catﬁsh. Overloading dietary carbo-
hydrate would cause pathological changes in ﬁsh morphology
and liver histology. Optimal carbohydrate-to-lipid ratio was
1.98 for juvenile Chinese longsnout catﬁsh.
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